Abstract. Vibrational spectra, x-ray scattering and electrical resistivity of θ-(BEDT-TTF) 2 MM (SCN) 4 , [M = Cs, Rb, Tl, M = Zn, Co] were measured in various temperature ranges. Vibrational spectra with the aid of x-ray scattering manifested charge disproportionation and charge ordering in their low-temperature phases. Except θ-(BEDT-TTF) 2 CsM (SCN) 4 , the orthorhombic form provided a horizontal stripe. On the other hand, monoclinic θ-(BEDT-TTF) 2 TlZn(SCN) 4 provided a diagonal stripe. The electronic state of the high-temperature phase is discussed based on the line shape of the Raman spectrum.
INTRODUCTION
Metal-insulator phase transitions accompanying charge-ordering (CO) have been recently established in some molecular conductors having 3/4-filled band. Theoretical study predicted three CO patterns shown in Figure 1 in θ-type BEDT-TTF based compounds, which have a herringbone arrangement in a conductiong layer. The low-temperature phase of θ-(BEDT-TTF) 2 RbZn(SCN) 4 was verified to have a horizontal stripe by the experimets of NMR, x-ray diffraction, and vibrational spectroscopy [1, 2, 3] . Mori et al. proposed a universal phase diagram for θ-(BEDT-TTF) 2 MM (SCN) 4 , [M = Cs, Rb, Tl, M = Zn, Co] (hereafter abbreviated as θ-MM ) [4] . In this phase diagram, the insulating phase has been anticipated to be a CO state. However, no experiment has been conducted to confirm CO except θ-RbZn. Furthermore, the metallic phase of this diagram shows non-metallic temperature dependence in resistivity. The aim of this study is to experimentally confirm CO in the insulating phase and to obtain a clue to understand the unusual metallic phase of θ-MM .
CHARGE-ORDERING PATTERN
Charge-ordering was experimentally verified in the insulating phase of θ-RbZn, θ-TlCo, θ-TlZn and θ m -TlZn (m denotes the monoclinic form). The CO patterns which we have examined by means of infrared and Raman spectroscopy and x-ray diffraction are summarized in Table 1 . θ-RbZn, θ-TlCo, θ-TlZn and θ m -TlZn doubled their unit cell with lowering the symmetry at metal-insulator transition temperatures. The orthorhombic crystal changed the space group from I222 to P2 1 2 1 2 1 , and the ordred holes formed a horizontal stripe. On the other hand, the monoclinic crystal changed the space group from C2 to P1 and the holes were diagonally ordered. These results were deduced from the x-ray diffraction and the the selection rule of the Raman-active ν 3 mode. The ν 2 mode of θ m -TlZn was already split above the CO transition temperature (T CO ), that is, the charge disporportionation (CD) occurred above T CO . This finding suggsts that the holes are nearly localized above T CO , and that the non-metallic high conductivity in the unusual metallic phase is attributed to the diffusion of the incoherently hopping charges. [4] . A short-range ordered unit-cell doubling was found by Nogami et al. around this temperature [5] . A strong vibronic band of ν 3 was observed in the optical conductivity already at room temperature, and the infrared-active vibronic band continuously grew up with decreasing temperature. The observation of the vibronic band is consistent with the unit-cell doubling. The ν 3 mode exhibited a broad vibronic band in the Raman spectrum also at room temperature. This band in Raman spectrum is activated by the unit-cell doubling and/or by CD. The Raman-active ν 2 mode and Infrared-active ν 27 mode showed no clear sign of CD down to 10 K. Therefore, the insulating phase of these compounds may not be associated with charge disproportionation. Figure 2 shows the high-pressure Raman spectra of θ-MM salts, which are arranged in ascending sequence of the metal-insulator transition temperature from θ-CsZn (ambient pressure) to θ-RbZn (11 kbar). The ν 2 mode of θ-CsZn was broadened from ambient pressure to 20.3 kbar, at which the line shape resembled that of ambient-pressure θ-RbZn. Then the ν 2 mode of θ-RbZn was sharpened from ambient pressure to 11 kbar, at which ν 2 split into the bands at 1480 cm -1 and 1540 cm -1 . The former is assigned to the ν 2 mode at charge-rich site, and the latter is assigned to that at charge-poor site. Because the ν 2 mode has approximately a linear relation to the site charge, this broadening and splitting reflect the dynamics of the fluctuating charges. We simulated the line shape using the motional narrowing model given by Gutowsky [6] , and reproduced the sequence of the line shapes in Figure 2 by changing the hopping rate between two sites. The broad linewidths of ν 2 in θ-MM were ascribed to the fluctuation of charge, the rate of which are comparable to 1/δω=(ν 2(Ν) −ν 2(Ι) ) −1 . Applying the hopping rate to the diffusion model, room-temperature values of electrical resistivity of θ-MM series were reproduced. 
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380 θ-CsZn and θ-CsCo are metallic down to about 50 K and show an upturn in resistivity without jump
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